Abstract: The aim of the present study was to assess the ability of a novel bone imaging technique to diagnose accurately the cause for back pain as an isolated and presenting complaint in adolescents. An integrated 18F-fluoride positron-emission tomographyYcomputed tomography (PET-CT) study was performed at the same setting without changing the patients' position, followed by generation of fused images of functional and anatomical data. Fifteen subjects were included in the study. The interpretation of PET-CT fused images was based on increased 18F-fluoride uptake and the corresponding CT-located abnormality. Ten patients had positive findings that included 4 cases of spondylolysis (3 of them active), 3 frank fractures (2 of the transverse process and 1 of the facet), 2 osteoid osteomas, 1 osteitis pubis, 1 sacroiliitis, and 2 herniated disks. Three patients presented 2 coexisting pathologies. Treatment was tailored based on final diagnosis. In 5 patients, in whom no abnormality was identified, the back pain resolved spontaneously. The 18F-fluoride PET-CT can detect spinal lesions with high diagnostic accuracy in adolescents with back pain. Considering the associated costs and radiation exposure, it should be used at present only in cases of long-standing and disabling back pain in which other imaging modalities were inconclusive.
B
ack pain in adolescents, as an isolated symptom, is infrequent, although its incidence is higher than reports in the literature would suggest. 1 It is often accompanied by a relative high frequency of serious underlying pathology. 2 The evaluation of the adolescent patient with back pain should begin with a comprehensive medical history and a physical examination that includes a thorough neurological examination followed by laboratory testing and standard anteroposterior and lateral radiographs of the spine. When the information obtained by this assessment fails to reveal the cause of back pain, further imaging assessment by bone scintigraphy (BS), computed tomography (CT), or magnetic resonance imaging (MRI) is then commonly indicated. A combination of various imaging modalities is commonly warranted to determine the correct diagnosis.
Positron-emission tomography (PET) using 18F-fluoride has been used primarily in oncological patients for assessment of malignant bone involvement. The 18F-fluoride was found to be more sensitive than technetium-99m ( 99m Tc)Ymethylene diphosphonate BS, 3, 4 particularly highly sensitive in detecting both osteoblastic and osteolytic lesions. 5 There are accumulating data suggesting that the accuracy of F18-fluoride PET in detecting bone lesions, mainly in the vertebrae, is similar to that of MRI and spiral CT, which are commonly used as the reference modalities for experimental methods. 3 The PET technology has a better spatial resolution than gamma camera imaging, even when single-photon emission CT (SPECT) is performed. Thus, PET is capable of detecting smaller lesions and of identifying increased uptake at the early stage of disease when there is an initial increase in osteoblastic bone activity. The potential advantage of the combined PET-CT system over all the other skeletal imaging modalities is its capability of providing data based on early functional changes on the PET portion of the study and of accurately localizing these changes and assessing lesion morphology on the CT portion of the study. 6 The objective of the current prospective study was to evaluate the potential role of the novel F18-fluoride PET-CT modality in diagnosing the causes of back pain in adolescents.
METHODS

Patients
The study cohort consisted of 15 subjects (11 male patients and 4 female patients; mean age, 14 years; range, 9Y19 years) who were referred to our tertiary medical center for isolated and subjectively severe complaints of back pain and presented consecutively to the outpatient clinic between November 2002 and June 2005. Informed consent was obtained before the PET-CT examination from children's parents or guardians as required by the institutional review board.
The patients had been previously seen by physicians in primary care, and routine anteroposterior and lateral plain radiographs of the spine had been taken. According to their treating physician's clinical judgment, some of the patients had also undergone other imaging studies such as SPECT bone scan and/or CT. All the subjects were referred to us because the imaging studies failed to either identify or fully diagnose the exact cause of pain (Table 1) .
At presentation, a comprehensive medical history was taken, and a thorough physical examination was carried out by the same senior orthopaedic surgeon (D.O.).
Methods
The F18-fluoride PET study was performed using the Discovery LS PET-CT system (GE Medical Systems, Milwaukee, WI) 45 minutes after the intravenous administration of 185 to 370 MBq (5Y10 mCi) 18F-fluoride. Lowdose CT acquisition was performed first with 140 kV, 80 mA, 0.8 seconds per CT rotation, a pitch of 6, and a table speed of 22.5 mm/s, without any specific breath-holding instructions. A PET emission scan was carried out immediately after acquisition of the CT, without changing the patient's positioning. Between 5 to 9 positions were needed to obtain the imaging of the skeleton from skull to femurs, with an image acquisition time of 3 minutes per position. The PET images were reconstructed using an ordered subset expectationYmaximization algorithm. The CT data were used for attenuation correction. The PET-CTYfused images were interpreted on a Xeleris workstation (General Electric Medical Systems, Haifa, Israel).
RESULTS
Of the 15 patients enrolled in the study, 10 patients had positive findings on PET-CT integrated study (Table 2) , 9 of them with increased 18F-fluoride uptake and 1 patient with clear evidence of an L4-5 herniated disk on the CT portion with no accompanying scintigraphic abnormality. The pathologies that could be identified as focal increased uptake with a corresponding morphological abnormality were spondylolysis (active in 3 patients), osteoid osteoma (2 patients), fracture of the inferior articular process (1 patient; Fig. 1 ), fracture of the transverse process (2 patients), osteitis pubis (1 patient), sacroiliitis (1 patient), and herniated disks (2 patients). In 3 patients, PET-CT revealed the coexistence of 2 different pathologies. A 9-year-old boy had a left L4 spondylolysis with no increased 18F-fluoride uptake and an osteoid osteoma with markedly increased 18F-fluoride uptake on the left lamina of the same vertebra. Another patient was a 19-year-old man who was diagnosed as having right sacroiliitis and an L4-5 herniated disk, and the third was a 14-year-old adolescent presenting with an active L5 spondylolysis and traumatic fractures of 3 transverse processes.
According to the study protocol, treatment was administered only to those patients who had an increased 18F-fluoride uptake. The 3 patients with active spondylolysis (in the fourth patient, the spondylolysis was detected only on CT and was not active) and the patient with a fracture of the inferior articular process were treated with a thoracic-lumbo-sacral orthosis brace for a period of 4 to 6 months. The 2 children with active osteoid osteoma received a combination of naproxen and free-chained fatty acids according to a new experimental protocol that had recently been introduced in our department. The 3 remaining patients were treated only with nonsteroidal anti-inflammatory drugs and painkillers as needed.
Of the 5 patients with negative findings on PET-CT study, 1 had a history of L3-4 diskitis 6 years before the current presentation, and 2 had known scoliosis, whereas the other 2 patients had no previous spinal pathology. According to the study protocol, these 5 children received no treatment, and they all experienced spontaneous recovery from their complaints within several weeks.
All the study patients were free of pain and other related symptoms on the last follow-up visit just before summarizing the data for this paper (mean follow-up, 20 months).
DISCUSSION
Back pain in children and adolescents, as an isolated symptom, is infrequent; however, unlike in adult patients, it is accompanied by a relatively high incidence of serious underlying pathology, thus making the diagnostic investigation of a child with back pain a challenging task.
1,2 Standard radiography is usually the initial imaging study. Frequently, additional imaging with BS, CT, or MRI is necessary for a more accurate diagnosis. Because obtaining histological sampling of all osseous lesions suggested by scintigraphic assessment is both impractical and unethical, the final diagnosis is usually dependent on correlation with other imaging modalities. Computed tomography and MRI are not used for screening but rather follow scintigraphic assessment for correlation and further validation of diagnosis to detect the specific anatomical structure affected.
In general nuclear medicine, 99m Tc-methylene diphosphonate is the most commonly used bone tracer. It is believed to chemi-absorb onto bone surfaces, a process depending on blood flow and osteoblastic activity. The PET bone tracer, F18-fluoride, was introduced almost 40 years ago. After diffusing into the bone extracellular fluid, fluoride ion is exchanged with a hydroxyl group in the bone crystal and forms fluoroapatite, which then deposits at the bone surface where turnover is greatest. 7 The F18-fluoride was shown to detect both lytic and blastic lesions. 8 The uptake of the fluoride ion (F18) is 2-fold higher than that of 99m Tcpolyphosphonates and has a higher target-background ratio because of a faster blood clearance. 4, 9 The PET imaging is associated with a superior spatial resolution and less scatter. 7 The recent increase in the number of PET systems has extended the potential use of F18 PET as a better alternative for the routinely used BS.
There has been a long-standing interest in fused images of anatomical and physiological information, such as those provided by CT or MRI systems and PET, respectively. The combined PET-CT imaging system minimizes spatial and temporal mismatches between modalities by eliminating the need to move the patient in-between examinations. Combining the 2 modalities within a single examination presents substantial logistic advantages, notably a significantly accelerated diagnosis. 6 Previous reports showed that F18-fluoride PET-CT has better specificity for the detection of malignant involvement of the spine and other body areas than F18-fluoride PET and CT performed separately. It allows for precise localization of lesions and the differentiation of malignant from benign bone lesions. To the best of our knowledge, this is the first report in the English literature that describes the use of F18-fluoride PET-CT for the detection of the causes of back pain in adolescents. The method had been previously applied only in the different fields of oncology. The radiation dose associated with F18-fluoride PET-CT study is composed of 3.5 to 5 mSv for the PET part and 5 mSv for the reduced mAs CT of the CT part. The total radiation dose is 8.5 to 10 mSv, which is similar to that of a single full abdominal diagnostic CT.
Our preliminary results suggest that the combined F18-fluoride PET-CT technique may help achieve a prompt and accurate diagnosis of the possible pathology causing back pain in adolescents. It may, therefore, provide the physician with guidance in choosing the optimal approach to pain management and, equally important, in the absence of spineand spinal cordYrelated pathology, with evidence to reassure the patient and family. Awareness of current pain theories and research and pain determinants other than biomedical is of utmost importance, 13Y15 especially when present organic pathology can be empirically excluded. In the absence of any orthopaedic or manipulative intervention, 5 adolescents with no evidence of pathology after F18-fluoride PET-CT study spontaneously recovered from the symptom.
The PET-CT systems and F18-fluoride are costly and not widely available. Further studies are needed to assess the clinical value of the technique and the cost impact on health services for patients with back pain. At present, we would recommend the use of the technique in those patients presenting with either prolonged (subacute or chronic) or highly disabling back pain and in whom other imaging modalities have failed to achieve a conclusive diagnosis.
